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Apple (Malus × domestica Borkh.) belongs to the main fruit species and they are the most important fruit in Europe. Over 7,000 apple cultivars are known across the globe, whereas nowadays the world's production is based on a limited number of cultivars (Hokanson et al. 2001) . Apple breeding programmes have developed new breeding lines based on improving traditional cultivars, mainly to introduce resistance to diseases from other Malus species into the better quality Malus × domestica Borkh. In the Czech Republic, there are several apple breeding organizations, developing new apple cultivars. One of them, Research and Breeding Institute of Pomology Holovousy is the national centre for maintaining and preservation of apple genetic resources (1,087 cultivars). Accurate and permanent identification of plant material within a germplasm collection is of utmost importance, especially for vegetatively propagated crops which are expensive to maintain, and should consist of a single genotype in the whole distribution area (Garkava-Gustavsson et al. 2008) .
The development of DNA technology has provided a number of methods, which may be employed for characterisation of apple germplasm collections. During the past 10-15 years, microsatellites or simple sequence repeats have become the markers of choice for verification of cultivar identity and for diversity studies due to their abundance in plant genomes, large number of alleles per locus and high informativeness, codominant inheritance, and suitability for automatization (Garkava-Gustavsson et al. 2008) . For apple, several hundreds of microsatellite markers were developed (Guilford et al. 1997; Hokanson et al. 1998; Liebhard et al. 2002; Silfverberg-Dilworth et al. 2006) . SSR markers were used for assessment of genetic diversity in germplasm collections (Hokanson et al. 2001; Guarino et al. 2006; Pereira-Lorenzo et al. 2007; Garkava-Gustavsson et al. 2008; Gharghani et al. 2009; Patzak et al. 2009; Gasi et al. 2010) , cultivar identification (Galli et al. 2005; van Treuren et al. 2010) , construction of genetic linkage maps (Liebhard et al. 2003; Hemmat et al. 2003; Silfverberg-Dilworth et al. 2006 ) and for parent identification (Kitahara et al. 2005; Evans et al. 2011) .
In this paper, we present the use of SSR molecular markers for determination of genetic diversity and genetic relationships within the set of Czech apple cultivars in comparison to selected current foreign apple cultivars.
MAteriAl And MetHodS
Plant material. In our experiment, we used in total 130 apple cultivars as was presented in Table 1. One tree of each of 33 Czech apple cultivars and 97 reference foreign cultivars were selected from apple genetic resources (1,087 cultivars) of Research and Breeding Institute of Pomology in Holovousy, Czech Republic. To monitor reproducibility and exactness between molecular analyses we included second tree of 10 apple cultivars: Ametyst, Goldstar, Šampion, Topaz, Golden Delicious, James Grieve, McIntosh, Resista, King of Pippins and Cox's Orange Pippin. dnA isolation. Expanded green leaves were collected from June to August (2007 August ( -2010 , immediately placed on ice and transported to the lab, where they were frozen by the liquid nitrogen and stored in -80°C until use. Leaves were powdered with liquid nitrogen in pre-cooled mortars. DNA was isolated from approximately 1 g of leaf powder using SDS isolation method according to Goulao et al. (2001) .
Molecular SSr analysis. Ten simple sequence repeat (SSR) primer pairs were used for molecular analyses. Eight primer pairs were obtained from Liebhard et al. (2002) : CH01c06, CH01d09, CH01f12, CH02b10, CH02c02a, CH03d01, CH03g07 and CH05g08, and two primer pairs were obtained from Hokanson et al. (1998) : GD 100 and GD 162. In a typical PCR reaction (Taq PCR master mix kit, Qiagen, Hilden, Germany), we used the following amplification conditions: 2 min at 94°C, 35 cycles (30 s at 94°C; 60 s at 54°C, 90 s at 72°C); 10 min at 72°C, in Genius thermocycler (Techne, Cambridge, UK) or TGradient thermocycler (Biometra, Goettingen, FRG) . Amplification products were resolved via 5% denaturing (8M urea) polyacrylamide gel vertical electrophoresis and visualized by silverstaining (Patzak 2001) . Stained and dried gels were duplicated to opaque daylight film (Promega, Madison, USA). The products were scored for the presence or absence in each sample, based on size measured with 20 bp DNA Marker (Bio-Rad, Hercules, USA). To monitor reproducibility between runs, we included the duplicated 10 apple cultivars, mentioned above, in every run. data analysis. Observed DNA fragments were recorded by the number of base pairs for each microsatellite locus in order to convert the recorded values to discrete alleles. Microsatellite data were transformed into binary scores in order to calculate similarity values. Genetic similarity was estimated using Jaccard's similarity coefficient (Jaccard 1908), which ranges from 0 (all products between evaluated cultivars were different) to 1 (all products between evaluated cultivars were identical). The genetic diversity analysis was evaluated by cluster analysis, which was revealed by NTSYS-pc v. 2.11V for Windows (Exeter Software, New York, USA). The dendrogram was generated using the unweighted pair group method with arithmetic mean (UPGMA) clustering procedure.
reSultS And diSCuSSion
Characterization and evaluation of plant genetic resources is one of the purposes of "National program for conservation and utilization of genetic resources of plants, animals and microorganisms" of Ministry of Agriculture of the Czech Republic. In this study, we presented the results of utilization of ten microsatellite SSR loci to characterize 33 Czech cultivars and 97 reference foreign cultivars obtained from the national apple genetic resources collection in the Research and Breeding Institute of Pomology in Holovousy. All ten SSR primer pairs amplified clearly distinguishable and highly polymorphic PCR products. These microsatellite loci yielded a total of 89 polymorphic alleles in the set of 130 apple cultivars. The number of alleles per locus ranged from four (GD 100) to fourteen (CH02c02a). There were the specific allelic compositions for each analysed apple cultivar. In our previous work, we used only six SSR primer (2008) and Gasi et al. (2010) used ten SSR primer pairs for assessment of genetic diversity in germplasm collections, respectively. Silfverberg-Dilworth et al. (2006) reported that 86 reliable, highly polymorphic, and overall the apple genome well-scattered SSRs cover about 85% of apple genome. Patocchi et al. (2009) included these SSRs into 21 different multiplex PCR and multiplex Hi12a of six SSRs was enabled to differ 125 used apple genotypes (Evans et al. 2011) . Thus in total, 89 polymorphic SSR alleles were sufficient and useful for the cluster analysis of 130 apple cultivars by NTSYS-pc v. 2.11V (Exeter Software, New York, USA), with the aim to evaluate genetic diversity and relationships. The resulting dendrogram showed that apple cultivars were divided into three major groups (Fig. 1) . The dendrogram showed that there was a genotype dependence on pedigree and origin of apple cultivars (Table 1) . Therefore SSR markers were useful for parentage study (Kitahara et al. 2005; Evans et al. 2011 ) and cultivar identification (Galli et al. 2005; van Treuren et al. 2010 ) of apple genotypes. The first group (I.) was divided into three subgroups, surrounded around cvs James Grieve (I.a), Cox's Orange Pippin (I.b) and Jonathan ancestry (I.c). The second group (II.) included apple cultivars with cv. McIntosh ancestry and it was divided into three subgroups depending on genetic diversity. The third group (III.) was also divided into three subgroups: with cv. Golden Delicious ancestry (III.a, b), Czech breeding program origin (III.b) and undefined, more diverse, origin (III.c). One-half of Czech apple cultivars was grouped in the third group, mainly in subgroup III.b (Fig. 1) . This group was influenced by cv. Golden Delicious ancestry and Czech bred cultivars and breeding clones. Czech parents cvs. Karmen and Krasava of cultivars Karmína and Hana, respectively, were grouped, due to their ancestry (Table 1) , in subgroup I.a (Fig. 1) . But cultivars Karmína and Hana were grouped with Vf scab (Venturia inaequalis CKE) resistant cultivars Goldstar, Topaz, Melodie, Rajka, Biogolden, Angold, Otava and Rosana from Czech resistance breeding program (Zoufalá et al. 2009 (Fig. 1) . Evans et al. (2011) reported that cultivar Dukát could not be derived from cv. Golden Delicious based on SSR analysis. Hence, cultivars Desert and Denár, from similar breeding program (Table 1) , were grouped in subgroups I.a and I.b, respectively (Fig. 1) . The additional Czech apple cultivars were also clustered due to their pedigree (Table 1, Fig. 1 ). Cultivar Julia was grouped in subgroup II.a, with parent cultivar Quinte. Cultivars Jonalord and Dublet were grouped in cv. Jonathan ancestry subgroup I.c. Cultivar Zlatava was grouped in cv. Cox's Orange Pippin ancestry subgroup I.b. Cultivar Diadém was grouped in cv. James Grieve ancestry subgroup I.a.
It is a known fact that genetic diversity analyses are always influenced by the range of evaluated molecular data and genotypes. Although, several apple genetic diversity studies based on SSR markers were done (Hokanson et al. 2001; Guarino et al. 2006; Pereira-Lorenzo et al. 2007; GarkavaGustavsson et al. 2008; Gharghani et al. 2009; Patzak et al. 2009; Gasi et al. 2010) , very different germplasm collections were used for them. Spontaneous mutations always had identical allele composition (Hokanson et al. 2001; Pereira-Lorenzo et al. 2007; Garkava-Gustavsson et al. 2008) . Therefore, we also did not find microsatellite differences between original and mutated (spur, red, etc.) apple cultivars James Grieve, McIntosh, Oldenburg, Melba, Mantet, Golden Delicious, Gala, Jonagold, Empire, Spartan, Šampion, Wealthy, Boskoop and Granny Smith (Fig. 1) . Only retrotransposon markers were possible to distinguish spontaneous mutations (Venturi et al. 2006; Zhao et al. 2010) . We also found no differences between cvs Belrené and King of Pippins, Mantet and Glencross, Red Spur Delicious, Starkrimson Delicious and Delicious Richared, respectively (Fig. 1) . Pereira-Lorenzo et al. (2007) also found that cultivars Red Spur, Top Red, Erovan and Oregon were indistinguishable. Cv. Belrené is a mutation of cv. King of Pippins (Table 1). Identical microsatellite profiles of cvs Mantet and Glencross could be due to mistake in the reported pedigree or potential documentation error. Similar results were published for known pedigrees (Evans et al. 2011) or incorrect documented cultivar names (van Treuren et al. 2010) in apple collections using SSR markers. Therefore for apple, microsatellite genotyping appeared a very efficient tool for enhancing collection management of genetic resources and for cultivar identification.
ConCluSionS
We proved that microsatellite markers were useful for evaluation of genetic diversity of Czech apple cultivars and determination of genetic relationships with current foreign apple cultivars. The most of Czech cultivars were clustered due to their pedigree with parent cultivars and molecular marker analyses confirmed their origin. However, SSR analyses were able to find the additional breeding background, incorrections in reported pedigrees and other documentation errors.
